Abstract Chronic diseases-including cancer, cardiovascular diseases, and metabolic conditions such as diabetes and obesity-account for over 60% of overall global mortality. Sedentary time increases the risk for chronic disease incidence and mortality, while moderate to vigorous physical activity is known to decrease risk. Most Americans spend at least half of their time sedentary, with a trend toward increasingly sedentary lifestyles, and few Americans achieve recommended levels of physical activity. Time spent outdoors has been associated with reduced sedentary time and increased physical activity among children/youth and the elderly, but few populationbased studies have examined this relationship among working age adults who may face greater constraints on active, outdoor time. This study examines the relationship between time spent outdoors, activity levels, and several chronic health conditions among a population-based sample of working age American adults in the National Health and Nutrition Examination Survey (NHANES) for 2009-2012. Findings provide evidence that time spent outdoors, on both work days and non-work days, is associated with less time spent sedentary and more time spent in moderate to vigorous physical activity. Further, findings indicate that time spent outdoors is associated with lower chronic disease risk; while these associations are partially explained by activity levels, controlling for activity levels does not fully attenuate the relationship between time outdoors and chronic disease risk. While cross-sectional, study findings support the notion that increasing time spent outdoors could result in more active lifestyles and lower chronic disease risk. Future work should examine this relationship longitudinally to determine a causal direction. Additional work is also needed to identify mechanisms beyond physical activity, such as psychosocial stress, that could contribute to explaining the relationship between time spent outdoors and chronic disease risk.
Introduction
Chronic, non-communicable diseases account for over 60% of overall global mortality (WHO, 2014) . In 2012, cardiovascular diseases, cancers, and diabetes accounted for 27.2 million deaths-nearly 50% of the 56 million deaths around the world (WHO, 2014) . Ischemic heart disease is consistently ranked as the leading cause of death, with diabetes and several types of cancer among other top causes (Wang et al., 2016) . Further, obesity rates, linked to risk of other chronic diseases, have nearly doubled since 1980 (WHO, 2014) . Among the top preventable causes of cardiovascular diseases, some cancers, and metabolic illnesses such as diabetes and obesity, is physical inactivity.
Sedentary time-time spent sitting or reclining-has been linked with increased risk of cancer incidence and mortality, type 2 diabetes incidence, cardiovascular disease mortality and all-cause mortality, even when controlling for levels of physical activity (Biswas et al., 2015; Thorp et al., 2011; Schmid & Leitzmann, 2014; Wilmot et al., 2012) . Further, an analysis of National Health and Nutrition Examination Survey (NHANES) data revealed that Americans ages 12 years or older spend at least half of their time sedentary, with 6-11 year olds spending approximately 40% of their time sedentary (Matthews et al., 2008) . Additional estimates indicate that time spent sedentary is increasing among Americans, as well as globally (Ng & Popkin, 2012) , highlighting the need for approaches to reduce sedentary time and increase levels of physical activity.
Conversely, time spent in deliberate physical activity is known to have numerous health benefits, including reduced cancer and chronic disease risk and improvements in blood pressure, bone strength, aerobic fitness, strength and endurance, depression, and anxiety (Janssen & LeBlanc, 2010; Moore et al., 2016) . Further, recent literature demonstrates that physical activity undertaken outdoors and/or in natural environments (sometimes termed ''green exercise'') may have additional benefits, including improved mood, self-esteem, mental health, feelings of revitalization, feelings of energy, and social cohesion, and decreased blood pressure, stress, mental fatigue, tension, confusion, anger, and depression (Barton & Pretty, 2010; Pretty et al., 2005; Hug et al., 2009; Mitchell, 2013; Thompson Coon et al., 2011; Hansmann et al., 2007) .
Despite these known benefits, physical activity levels are low and new approaches to increasing activity levels are needed. Less than 50% of U.S. adults 18 years of age and over meet the physical activity guideline for aerobic activity and only 21% meet guidelines for both aerobic and resistance exercise (Ward et al., 2016) . Although individual intervention efforts report positive results, participation is often based on self-selection and is more likely among some population groups than others, limiting generalizability and impact (Waters et al., 2011) . Moreover, among those participating in physical activity interventions, results may be modest, and long-term maintenance of behavior change is often limited (Tak et al., 2012; Findorff et al., 2009) . Community wide campaigns have a wider reach and often target multiple levels of influence and a variety of relevant messages (e.g., use stairs; walk to school). Recent reviews suggest about a 4% increase in the percentage of people engaging in regular physical activity following such campaigns (Centers for Disease Control and Prevention, 2011) . Clearly, additional strategies are needed to help Americans move more.
One possible contributor to physical activity levels is the amount of time one spends outdoors. A number of studies in children and youth have linked time outdoors with higher moderate to vigorous physical activity (MVPA) levels, less time spent sedentary, and better cardiorespiratory fitness (Gray et al., 2015; Schaefer et al., 2014) . One study indicated that while only 13% of youths' time was spent outdoors, 30% of activity volume and 35% of MVPA was accumulated outside (Wheeler et al., 2010) . These relationships indicate that time spent outdoors could be a valuable target for increasing activity levels and decreasing sedentary time among youth.
Some work has also addressed the relationship between outdoor time and health among older adults (Sugiyama & Thompson, 2007; Kerr et al., 2012; Harada et al., 2016; Petersen et al., 2015; Kono et al., 2004 Jacobs et al., 2008 Tsai et al., 2015 Tsai et al., , 2016 Kerr et al., 2012) , although this work has largely been undertaken in small samples of older adults. Kerr et al. (2012) found, in a study of 754 older adults, that individuals who undertook physical activity outdoors were more active than those who were active indoors, and that physical activity levels (but not activity location) were associated with self-rated health. Petersen et al. (2015) found that time out of home (a concept similar to time outdoors) was associated with improved cognitive function, physical ability, and emotional state among elders (n = 85). Recently, Harada et al. (2016) demonstrated an association between outdoor time and steps per day among a sample (n = 192) of older adults; they found that outdoor time was also associated with depression, but not with cardiorespiratory fitness, lower-extremity strength, or well-being, although steps per day was associated with these outcomes. In related work, Kono et al. (2004) have found that a higher frequency of going outdoors is associated with improved functional capacity, intellectual activity, and self-efficacy among older adults, as well as resulting in a reduced likelihood that an older adult's activities of daily living (ADL) score decreases over time (Kono et al., 2007) .
However, few studies-particularly large, populationbased studies-have examined the relationship between time spent outdoors, activity levels, and chronic conditions among adults, despite great interest in the (outdoor) built environment and its relationship to physical activity among adults (McCormack & Shiell, 2011) . To address this gap, this study examines the relationships between time spent outdoors, activity levels, and several chronic conditions in a large, population-based sample of working age American adults. We specify two primary research questions: (1) Is time spent outdoors associated with activity levels (sedentary time, MVPA time) among a national sample of working age US adults? (2) Is time spent outdoors associated with chronic disease risk in the same population, and if so, is the association explained by activity levels?
Methods

Data source
This analysis included data from the National Health and Nutrition Examination Survey (NHANES) continuous surveys for 2009-2012-a nationally representative, crosssectional survey of the noninstitutionalized US population. Analysis was limited to individuals between the ages of 20 and 59, as they were eligible for the dermatology questionnaire, which queried time spent outdoors. The total number of individuals between the ages of 20 and 59 was 7914. Sample sizes were reduced for each outcome examined based on data availability.
Measures
Predictors
Time spent outdoors during a typical work day and nonwork day were measured with two questions: ''The next questions ask about the time you spent outdoors during the past 30 days. By outdoors, I mean outside and not under any shade. How much time did you usually spend outdoors between 9 in the morning and 5 in the afternoon on the days that you worked or went to school?'' and ''During the past 30 days, how much time did you usually spend outdoors between 9 in the morning and 5 in the afternoon on the days when you were not working or going to school?'' Time spent outdoors was grouped into time intervals: 30 min or less, 30 min to 1, 1-2, 2-3, 3-4, 4-5, 5-6, and 6-8 h.
Outcomes
Time spent sedentary was measured with a single question: ''The following question is about sitting at work, at home, getting to and from places, or with friends, including time spent sitting at a desk, traveling in a car or bus, reading, playing cards, watching television, or using a computer. Do not include time spent sleeping. How much time do you usually spend sitting on a typical day?'' Sedentary time was measured in minutes. It should be noted that this measure of sedentary time focused on time spent sitting, but did not specifically include time spent reclining.
Time spent in MVPA was measured using a combination of several questions. Respondents were asked whether they engaged in any vigorous intensity sports, fitness or recreational activities. If they answered yes, they were asked on how many days during a typical week they undertake vigorous exercise. They were then asked how many minutes they spend in vigorous activity on a typical day. To calculate the average daily minutes of vigorous PA, the number of days containing vigorous PA was multiplied by the average minutes of vigorous PA on a typical day to estimate weekly PA, and that number was divided by seven. A similar calculation was undertaken for moderate intensity activity. Average daily vigorous PA and average daily moderate PA were summed to result in a combined total estimate of minutes of MVPA per day per respondent. Respondents who answered that they engaged in no moderate or vigorous physical activity were assigned a value of zero MVPA minutes.
Chronic conditions examined included diabetes, cancer, body mass index (BMI) (as an indicator of overweight and obesity), and allostatic load. Cancer (ever diagnosed) and diabetes (taking insulin or diabetic pills) were assessed via self-report. BMI was derived from direct measurements of the subject's height and weight. Allostatic load was defined, following previous work (Geronimus et al., 2006) , as a continuous score based on a set of individual measures obtained through direct measurement and laboratory analysis: systolic blood pressure C 140 mm/hg, diastolic blood pressure C 90 mm/hg, pulse [ 90 beats per minute, total cholesterol C 240 mg/dcl, HDL cholesterol \ 50 mg/dL, BMI [ 30 kg 2 /m, glycosylated hemoglobin C 6.4%, and albumin \ 4 g/dL. C-reactive protein could not be included as it was not available for the 2011-2012 NHANES cohort. For each criterion met, a point was tallied. A point was added also for those taking prescription drugs for hypertension, high cholesterol, or high blood sugar/diabetes-as measured by self-report.
Statistical analyses
Multivariable survey regression models were used to examine relationships between time spent outdoors and each outcome, controlling for a number of covariates: age group (20-39, 40-49, 50-59) , sex (male, female), race and ethnicity (Non-Hispanic White, Mexican, Other Hispanic, Non-Hispanic Black, and Other Race-including Multiracial), income (poverty to income ratio as a continuous variable, calculated by dividing family income by the Department of Health and Human Services poverty guidelines specific to family size, year, and state), education (less than high school graduate, high school graduate or equivalent, some college or Associates degree, and college degree or more), marital status (married, divorced/ separated/widowed, never married, living with partner) and employment status (working at a job or business/with a job or business but not at work, looking for work/not working at a job or business). Further, relationships between time spent outdoors and chronic conditions were measured first without, and then with controlling for sedentary and MVPA time. Margins of covariate-adjusted regression coefficient estimates were calculated for relationships between time outdoors and sedentary and MVPA minutes, and the coefplot package in STATA was used to create graphical displays. All p values associated with time outdoors as a categorical variable were adjusted for multiple (seven) comparisons using the conservative Bonferroni adjustment method. Finally, the overall trend was examined for each relationship tested by including the time outdoors predictor variables as continuous variables, using the midpoints of time outdoors categories, in hours (0.25, 0.75, 1.5, 2.67, 3.5, 4.5, 5.5 and 7). Analyses were undertaken using Stata/SE 14.2.
Results
Sample characteristics are summarized in Table 1 . Approximately half of the sample was between the ages of 20 and 39, with adults 40-49 and 50-59 making up approximately 25% of the sample each. Slightly over half of the sample was female, and fully 52% were married. The vast majority of participants were non-Hispanic White (63%), with smaller percentages of Mexican (10%), Other Hispanic (7%), Non-Hispanic Black (12%) and other racial and ethnic groups, including those who self-identified as multiracial (8%). Over 60% of the sample had at least some Fig. 1; Table 2 ) indicate a significant relationship between time spent outdoors and time spent sedentary, with increasing intervals of time spent outdoors associated with fewer sedentary minutes during work days and non-work days, as compared to a reference group spending 30 min or less outdoors. A similar relationship was found for time spent outdoors and time spent in MVPA, with increasing time outdoors associated with more time in MVPA. Time spent outdoors on non-work days exhibited a stronger relationship with time in MVPA than outdoor time on work days. Trend analyses, reporting the parameter estimates from the adjusted models, indicated statistically significant relationships for non-work day time outdoors for both sedentary minutes (-9.7 min per hour of time outdoors, p \ 0.001) and MVPA minutes (1.98, p \ 0.001). For work day time, a trend was identified with sedentary minutes (-15.0, p \ 0.001), and a weaker trend was identified for MVPA minutes (0.99, p \ 0.05).
Additionally, we sought to determine whether time spent outdoors was associated with the risk of several chronic conditions-obesity (BMI), allostatic load, cancer, and diabetes-and whether any observed association could be explained by activity levels. As shown in Tables 3 and  4 , associations between time spent outdoors and chronic conditions were identified for both work days and nonwork days, though the magnitude of the associations was small. Non-work day time outdoors (Table 3) was associated with allostatic load, diabetes, and body mass index, but not cancer, in trend analyses. Work day time outdoors (Table 4) was associated with BMI, allostatic load and cancer in trend analyses, and diabetes only for one category. Significant associations were attenuated to a similar degree when controlling for sedentary and MVPA time for both work day and non-work day analyses, although the attenuation crossed the threshold of statistical significance for work days only.
Discussion
Time spent outdoors is known to be associated with physical activity among youth and older adults. The current study extends these findings using a large, population- door time was also related to BMI, allostatic load, and diabetes, even after controlling for activity levels. Work day time showed weaker associations, which were fully attenuated when controlling for activity levels. Given low activity levels and modest impacts of current efforts to increase physical activity among American adults, establishing an association between time outdoors and activity levels has important implications for public health. If time spent outdoors is closely linked to activity levels among adults, and even directly to chronic disease risk, time spent outdoors may be a new target for interventions that seek to encourage adults to move more and/or reduce their risk for chronic diseases. In fact, some physicians have begun to prescribe time outdoors, particularly in nature, based on belief of a health benefit (Elizabeth Nisbet, 2015) .
Time outdoors as a ''new target'' could be advantageous for several reasons. First, an emphasis on time spent outdoors, as opposed to exercise, may address or circumnavigate barriers to the uptake and maintenance of active lifestyles. Messages that promote time outdoors may be more motivating or less intimidating to individuals who are not responsive to messages advocating exercise. Thus, prompting adults to spend more time outdoors may be an important first step in the effort to encourage more active lifestyles. Further, outdoor environments could provide opportunities for activities that feel enjoyable to individuals and don't connote ''exercise,'' despite encouraging movement (Taverno Ross et al., 2016) . Outdoor environments may also be more interesting or motivating for some individuals. Studies show that individuals who participate in outdoor physical activity report greater feelings of positive engagement, revitalization, energy, mental well-being, enjoyment and satisfaction than those engaged in physical activity indoors, and declare a greater intent to repeat the activity later (Thompson Coon et al., 2011) . These benefits may also address commonly reported barriers to physical activity among certain population groups. For example, psychoneurological symptoms, lack of motivation, and low energy are among the key barriers to physical activity reported by breast cancer survivors (Blaney et al., 2013) , and these barriers are known to be positively impacted by time spent outdoors, exposure to natural environments, and outdoor physical activity.
Further, evidence indicates that outdoor physical activity may have increased benefits over physical activity alone (Barton & Pretty, 2010; Pretty et al., 2005; Hug et al., 2009; Mitchell, 2013; Thompson Coon et al., 2011; Hansmann et al., 2007) , and thus, targeting outdoor physical activity specifically may result in greater impact on chronic disease outcomes or result in other added benefits. Time spent outdoors and exposure to natural environments have been linked to reduced fatigue (Ryan et al., 2010) , and sleep disruptions (Astell-Burt et al., 2013) , and improvements in mental health (Alcock et al., 2014; Beyer et al., 2014) and cognitive function (Faber Taylor & Kuo, 2009) , as well as related biomarkers, including inflammatory markers (Song et al., 2016) . Our finding that the association between time outdoors on non-work days and chronic disease outcomes was not erased when controlling for activity levels could suggest additional mechanisms linking outdoor time to chronic disease risk. In particular, psychosocial stress could be an important additional pathway. Stress is known to be associated with obesity (Hamer & Stamatakis, 2008; Coker et al., 2006; Moore & Cunningham, 2012; Ayanian et al., 2009; Isasi et al., 2015) and diabetes (Heraclides et al., 2009; Annor et al., 2015; Hackett & Steptoe, 2016; Chida & Hamer, 2008; Williams et al., 2013) , and allostatic load is conceived as a measure of cumulative stress over time (Geronimus et al., 2006; Seeman et al., 2010; Zalli et al., 2014) . Thus, it is possible that stress, in addition to physical activity, mediates the relationship between time spent outdoors and chronic disease.
The stronger association for non-work day time (as compared to work day time) with MVPA indicates that nonwork day leisure time was likely a significant source of MVPA among this population. Given that time outdoors during work days would have been between 9 a.m. and 5 p.m., which is a common day shift, it is likely that time outdoors on work days indicates for many people an outdoor occupation. Further, while the association between work day outdoor time and MVPA was weaker, the association between work day outdoor time and sedentary time was quite strong. These findings indicate that uses of outdoor time differ on work days and non-work days, and also highlight the importance of measurement. Because outdoor time before 9 a.m. and after 5 p.m. was not included in the self-reported estimate of time spent outdoors, it is possible that work day time outdoors associated with MVPA was not captured because it took place outside of the 9-5 interval.
This study is subject to several limitations. First, questions measuring time outdoors were intended to measure sun exposure, and did not include early morning, evening or night time hours, or time spent in the shade. However, for the purposes of examining associations with physical activity, it would be ideal to consider time spent outdoors but in the shade (e.g., walking in a forest) and early morning and evening hours, which may be prime hours for physical activity among working age adults. Thus, results should be interpreted with these limitations in mind, as the measure constitutes a sample, but not a census, of time spent outdoors. Further, measures of sedentary time and MVPA did not distinguish between work days and nonwork days, making it impossible to directly compare nonwork day outdoor time with non-work day physical activity, for example. In addition, while the measure used to evaluate MVPA focused on recreational activity, other types of MVPA, including occupational activity, may also be relevant and are only captured in this study by the sedentary time variable, which measures time spent sitting and would exclude time spent active that was not recreational. The database also lacked information about the environments or seasons in which individuals spent time outdoors or engaged in different levels of activity. Finally, this cross-sectional study cannot infer causality, and there exists the possibility that reverse causation or a common third factor may have influenced study findings. It is likely that individuals with more active lifestyles will spend more time outdoors as a result of their planned physical activity. Future work should make use of longitudinal designs and incorporate qualitative methodologies to determine the direction of causality and motivations for spending time outdoors.
Results indicate that more time spent outdoors by adults was associated with progressively more activity. Results also indicate that more time spent outdoors may be associated with less chronic disease risk, including diagnosis of diabetes, allostatic load and body mass index. These findings are supported by other studies that have identified similar relationships among children and youth (Gray et al., 2015; Schaefer et al., 2014; Wheeler et al., 2010) and older adults (Sugiyama & Thompson, 2007; Kerr et al., 2012; Harada et al., 2016; Petersen et al., 2015; Kono et al., 2004 Kono et al., , 2007 Jacobs et al., 2008; Tsai et al., 2015 Tsai et al., , 2016 Kerr et al., 2012) . The findings of this study support efforts to investigate time spent outdoors as a potential contributor to reducing sedentary time, increasing engagement in health enhancing physical activity, and, ultimately, reducing chronic disease risk among adults. Future work should consider the environments in which outdoor time is spent and the purpose of time spent outdoors (e.g. leisure versus occupational time). Future investigations would likely benefit from the use of more specific measurement approaches, including objectively measured physical activity via accelerometer, and objectively measured time spent outdoors, which has been most recently achieved through a combination of global positioning system (GPS), accelerometer and ambient light sensing technology (Tandon et al., 2013) . Longitudinal and experimental studies are needed to determine the direction of the association between time outdoors, activity levels, and chronic disease risk. Finally, it will be important to evaluate and consider the ways in which time spent outdoors could be encouraged through policy and programming, and how constraints such as safety or weather could be factored into such recommendations.
Public health implications
Encouraging time spent outdoors may be an important strategy to reduce sedentary time, increase time spent in moderate to vigorous physical activity, and decrease risk for several chronic health conditions. Further study of how and why being outdoors may benefit health is needed.
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